Mechanical influences on vascular smooth muscle cell function.
The increase in vascular wall stress imposed by hypertension has been strongly implicated in the pathogenesis of cardiovascular disease. Much of this chronic cyclical mechanical strain is experienced by the vascular smooth (VSM) cells of the vascular media. The cellular mechanisms whereby VSM cells sense and respond to changing mechanical forces are poorly understood. This review focuses on an emerging field of cardiovascular research in which the direct effects of mechanical strain on VSM cells and isolated blood vessels in organ culture have been characterized, in vitro. Cyclical mechanical strain profoundly influences cultured VSM cell orientation, growth and phenotype. Mechanical strain also increases the secretory function of VSM cells leading to increased extracellular matrix protein production. Vasoactive mediators such as angiotensin II potentiate these effects. Mechanical strain increases VSM cell release of platelet derived growth factor, transforming growth factor beta1, fibroblast growth factor and vascular endothelial growth factor, which act in autocrine or paracrine loops to influence VSM and endothelial cell growth and function. Mechanical strain may also activate local tissue renin-angiotensin systems and regulate expression of angiotensin II receptors within the cardiovascular system. The mechanism whereby VSM cells transduce mechanical stimuli into an intracellular signal and biological response, i.e. 'mechanotransduction', is strongly dependent on integrins. Moreover, specific matrix protein:integrin engagements lead to differential VSM cells responses via the selective activation of numerous intracellular signalling pathways including; mitogen-activated protein kinase, focal adhesion kinase and c-Src. The study of vascular mechanotransduction has begun to delineate the complex cellular basis of cardiovascular structural and functional modification in hypertension.